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‘1’hc Cassini  spacwraft  will explore the planet Saturn and its rings and moons with  an oriitcr  and atmospheric entry probe,
both of which have a sophisticamd  SC1 of scicncc in$tnmwnls.  Ihc  Spacccrdft  dcsigu 1S rcspcmivc  to Iuissioll  and science
objwtivcs,  and is influenced by technical and programmatic comtraints  e.g., a cost cap, flxcd schcdu]c, space environment,
and interfaces to olhcr  f]xcd systems like the launch vchiclc  and ground  system lhc spacecraft design must also consider
tllc  limited post-launch rcsourccs  alloca[cd  to do tlc fli@lt operations. This paper prcsc]ds  an overview of the spaccc~af(
systcm  design with  cluplwis  given to the o]bitcr  and only a IiiSll level sunlmry  of the probe.

KQWQKLl:  Cassini,  spacecraft, J luygcILs, Satunl, l’itan

The mission consists of a 7 year cruise followed by 4 year orbital operations. Ilm spacecraft will bc launched from Cape
Cmavctal  in October 1997. q’hc Titan lV/Ccldaur  launch vchiclc  places the S/Con a tr~jcctory  that has several fly-bys  of
inner plaucts  before cncorrntcring  Saturn, Specifically, the spacccmft  will fly-by, and obtain ~ravity  assists from ,Vcnus
(April 1998), Venus again (June 1999), I;arth (August 1999), ad Jupiter (I}cccmbcr  2000). “J’in spacxmaf[  encounters
Salurn in July 2004, and cxccutcs  a rctrogladc  ]nancuvcr, Sol, which allows the gravity of Saturn  to capture the spacecraft
into o[bit,  130 days after S01 the orbiter rclc.ascs tl~ lluygcILs PIobc  on a trajectory to intersect Satunl’s  moon Titan,
where 21 days lalcr it will dcsccnd through the atmosphere and relay scicncc data to the. @biter. llc radio link bctwcn
the Probe and the Ohitcr  will provide for an approximtc 3 hour Probe mission  ‘I%c C)rbitcr capture the probe data and
rulays  it to carlh, and then begins its owl 4 year exploration of the Satumian systcru  consisting of the planet, its rin~,s,  and
ils moons.

The Spacecraft is composed of the Orbitcr,  the Iluygcns  Probe, al~ the launch vchic]c achptcr.  The Ohitcr consists of 12
scientific instnrmcnts  plus Oibitcr  cnginccring  and Pmbc rwcivin~  equipment. The Olbitcr  instruments arc liskd  below
and corrsist  of four Optical Remote Sensing Instrwucnts, twcl Microwave Rcnlotc Sensing Instrurl)cnts,  and six Fields /
htiiCICS  / Waves llLStIUJUClltS.  q’he I Iuygcns  probe COIMktS of Six scicJlcc h$kUJr)CllIS phls cn~incming equipment, the
scientific instruments arc listed below.



orbiter Instrummts

Optical Remote Scn.si[ig Ficlcls / }’a[liclcs  / Waves
Imaging Scicncc Subsyslcm  (1SS) Cassi]li  l’lasma  Spcclromclcr  Subsys[cm  (CAPS)
Visible and Infrared Mapping Spcctron\c.tcr  (VIh4S) Chsnlic I)usl  Analymr Subsystclll  (CIIA)
Ultraviolet Inla.giltg  SpCctrOgraph (UVIS) 1o11 and Ncutriil  Mass Spcctromctcr  Sub.(INMS)
Composilc  lnfrarcd Spcc[roluetcr  Subsystcm  (CI1{S) Ma~lnto~nctcr  Subsys[cm  (MAG)

Microwave Remote Scming Ma~l~tosphcric  Imaging  lnsln]lncllt Sub.(h41M 1)
Radar Subsystcm (RADAR) Raclio a~id Plasma Wave Scicncc  Sub.(KPWS)
Radio Prcqucncy Iuslrumcnt  Subsystcn~  (RFJS)

IIuygcris l’robe Instruments

Aerosol Collcdor  Pyrolymr
l~csccnl  lmagc] / Spectral Radiomc[cr
Doppler Wind Experiment
Gas Chromatogtaph  / Mass SPcctromctcr
~]uygclLs  Atmospheric Structure ]mtrulncnt
Surface Scicncc  Package

2AQI!m&SwlD@tlkQLtiEtlKlm  Mid DriYc!s

“J “IIC kcy  drivels on the Olbilcr  dcsigtl  arc:
a. Acconmoda[ion  of a large and sopllis[icatcd  scicllcc payload,
b, ‘1’llc trajectory inducting [In lal]p,c  of spacccIaft  . caIlh and s~mcccrafl - sun dista[lccs.
c. Accomlnodation  ofthc lluy~cns  I’robe,
d. I’hc Space cnvironincnt.
c. Single fault tolcrancc, derived from tl~ long lifctinlc.
f. l%c need to build in Opcritr]l][y  such llmt lbc sp:icccraf[  can  bc ~]fiIiltcd by a small  flight team

‘1’lw O1bitcr  dcsigli Icsponsc  to these kcy drivcfs  is sunmmrizcd  ill I’ab]c 1.

Kcy IJcsig!t I&crx _. ___ _____
1. I,argc, sophisticated ScicnccPayload
fields of QCW .— .
pointing

contanlina(ion - optical
.- —— .-

contamina[ion - magnetic
-.

contanlilntion  - IWl
.

scicncc data generation rate from 4 kbps to
410 kbps
2. T@jcciO.v.._ .._ .._.__ . . . . . . .-
Orbiter-sun distamcs  mngc fro~~l  0.67 AU
(Astrq!Otr!&a!  QIQ!s)to 10.2 Au__... _.
Orbiter-earth distanm range from <.1 AU
(cKuisc)to>11 AU.. ___ ___ __

I)csifin Rcspzo]lsc

a $iclds and pzm!iclcs  pallc~fllti.  a rcmo!g.s!l!silx  I@!ct ._ _
stellar rcfcrcncc units and reaction wheels for high Pcrforlnancc
pointi!ng  k!lowlcd&c  (1 mrafo yld wgtL@ (? r!!r?d).
tlrc configuratiolt  establishes spatial separation bcIwccn  the main
engine a!@ tl!escicncc  ol)tics; plu!!!c_control;  low gassing materials
strict clcclrolniaglctic  emission rcquircmcnts  and tcstiag;  nrag[dic
sl~ie.ldis]g;.co]  ~figllraljo!l clf _M.A_G ser!sors  or!. q.boo!a -..
strict ~adio frequency enlission  rcquircmcnts and testing; };araday
CW c_oIIla&n~cI]t ~jL~_WS ant gu~~s. dcploya~lc
solid slate rcco]dcr, indcpcndcnt  operation of rccoxd & playback;
sclcctablc data rates

~llc.rn}ally designed for th~ “I]O-SUil;’  casj~ usc of th~ ~~cii  as a “-”
sun.shield within 2,7 AU
a 4n1 high gain antenna, X-band tclccc]lillll\lllicatiolt  systcnl;
sclcctablq.data  rat:s;  aulono!nous faylt protection



.—
3. I luy~cm Probe ___
power
data rulurll

s!rucluml, lhcrmal,  I’robe rclcasc

lncclkmism

Probe rclcasc

-.
Prgbe radio @aY _. _. _...
4 .  Spaw ~!nvlronmryt.  _ .
radiation
“sing]c  event upsc[”

I
micromctcoroicf

I Sil@c fault tolcrancc - autonomy

Si~@c fau][ lolcIaIIcc  - kcy JIlissioll  CVCII~S

?.30 \V for cltcckout, 70 W for [Jrobc relay
rcchmdalll  s[otagc  for l’Iobc relay  dnta; O]tritcr  mcInory slorc.s I’rdc
conul~and scqucltilig
accollll  I Iodalcd

O1bilcr aliglls  the Plobc slid tclcascs ilnpartitlg  a spin of 5 rpltl aid a
SC~)a I:l(lOll VCk)Cl(~  Of ().3 ll~S;  rC~FllllS  allltlldC COIlt IO] of ~)rbl[cl  ] ?~
nlillu(cs  aflcr PIobc  rclcasc.
capability to Poill[  the 11(;A al a surfncc  feature of “1’ita]l

—
gsc gfr:l~iatioIll~r~cl~cd  parts; slljcldillg -.
error dc[cciion and cc)rlcction circuitry on computer nlcmory;  onboard
copicS  of sofl\J’arc_l  lLlilllaiIlcd  fOr aUIO1lO1llOllS  baCkup.
shielded by multi-layer blallkcti[lg  and struc[urc;thc  lnain  cn~inc has
a rc[ractablc cover .—.

block rcctundald  arc]) ilcclurc;  balancwd power h; fault isolatio]i  ~t”
irllclfaccs
onboard  sof[lvarc  to ~)c[rorll] l~altll  cl~ccks and carmbility  to cs[ablish
:] ]lliIIiIlmIn safe SKI(C. Olbiter
Oliboar(i soflwarc.  10 I)cjforil)  l)cal[h cllccks  arid to Pcrforln
collfl~uratiolt  c]mngcs,  if rlcccssary, to cIIsulc Corllp]ction  of key
rllission success required cvcllts,
dcfllkd scl of O~Jcratiollal  Modes; autollorl}c)us  fault tolcr:iricc;
scquclm  storaf,c  of 150 k\~ords;  po}ver r[mrfiirl

‘fable 1 Key Orbiter IJcsi8rl I)li\’crs  / 1 )csi811 Responses

L!J_QIMMsy!swllksig  Q

3’IIc CMitcr is conlpriscd  of a Power Systcm,  Guidarlcc and Corltlol  Sys[crn,  IrlformNion  Syslcm, T’clccoli\Trl[lrlicaliol~
Sys(cm, Scicncc Payload, ‘1’hcrmal Control Systcrn,  and a dis[ributcd Fault Pro!cction  Sys[cm It lms all inforJna[iou
intcrfacc with the Ground  opmatiorrs  team, a s(ruclural  al)d ir[fonrratiorl  intcrfacc  with the launch vchic]c,  and scmor
inlcrfaccs with t]ic space cnvironrucnt.  Figure 1 is a fu[lc[iorml block dia~]aln  of IIIC O1bitcr,

A kcy architw[ural  dcsi.gn feature. is the ilnplcrncntat  iou of Opcra[ioniil Moclcs. l’hc Orbi[cr  is not capable of providirlg
srrfficicrd  rcsourccs  to mc.ct all Colnbirmtiom  of scicncc  payload opcratiorl.  Spocccraf[  poinlin~,  data rates, and power must
be allocated, Operational Modes dclir~c Orbi[cr states which hwc a primary scicucc goal with arl associated scicrlcc
instrument suite and the ncccssary  cn,ginccring  supI~rt.  ‘I”hc  illij~lcrllcll[atiorl  of a fixccl IIurlher of OpcratiorL~l  Moclcs
(using a prc-dcflncd  transition architccturc)  IS also a nkrjor colltributos  to tl~ O1bitcl compatibility with a .wnall oIwriltiorls
tc.am by rcduciltg  scqucr]cc dcsigil  and awrlysis  cfforls.
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Figure 1. ortitcl Functional Block l)ia~raln

Fip,urc  2 shows the O~bitcr  in the Cruise confuwration.  l’hc collfl~uration  is colnpriscd of a slack con.sis[il~~  of the IIiEh-
Gain Antenna (11 GA), the Upjxx Equipnml Module (lJUM), the ~’repulsion Module Subsystcm  (PMS), at~d the Imw:~
llquipmcnt  Module (I,I;M).

‘1’hc UliM comists  of a 12 bay electronics bus (collflgulcd  to form a Faraday cage), Ihc scicncc Fields and Particles Pallet
(hW’),  the scicllcc Remote Scming Pallcl (KS]’), the uppct shell stnrcturc,  the MACi boom, and the shunt radiator, The
I’MS is a structural assembly comprised of the propulsion subsystcm,  TIIC I JIM supports the PMS on its upper clld and
at Iachcs to the ISA (not shown in figure 1) on its lower cl~d, It supports thtcc R’1’Gs,  the three fixed Reaction Whczl
Assemblies (ltWAs),  L,GA-2, separation l~~rdwarc, al~d the M[iA cover awcll~bly (lot showl in figure 1). I“hc I.SA
mounts 10 the launch vchiclc adapter.

]n the I.aunch coldiguration the Orbiter is attached to the 1,aunch vchic]c and all dcployab]cs  arc stowed or latched. In the
(Yuisc configuration the Orbiter is scparatccl from the l,aunch  vchiclc,  the R1’WS antenna and tllc  Magnctomctcr  boom arc
deployed, and the articulated Reaction Whcc] Asscmb]y  is un-latched. This Orbiter has a fcw dcployab]c  clcmcn(s
colnparcd  to previous interplanetary spaccwaft, they were held to a mi nimun~  to rcduw COSI  and to illcrcasc  rcliabili[y.
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}ICQ1( 6,8 1]1 (22.3 f[)—.—
Diamclcr  fcxcludin~  MAG boom
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4 nl <13.1 ft)—.-. .—

Mass

,1

—.. ___________
—--------  - .-, —. .— ------ ..— —— .—-—

Ohitcr
— .  — —  _ _ _

2150 k~— . —  — —-.—.—— ---- —
} luy~cn Probe 343 kg. . “-. .

prolw  suppori  e q u i p  -
- - - - - -  -.———  ..- — - . — — . . - — —
3%..- —-—. —

launch adapter 165 k~————. ———— .  ..—
ro[dlants 3132&—-— ---— ———

‘ -  total 5824 k~ (12,346 lb.———— ——
Tab]c 2 Spacccratl  Physical C%arac[cris[ics

This configuration Incets  the payload rcquircmcnts.  It provides tllc scicncc  instnrmcnts  with unobstmctcd  flclds  of view
for both the smsing optics and heat radiation. ‘J’hc RTGs ale located away from the bays containing the scicncc sensors and
the scicncc  / cmginccring  c]cctronics  assemblies to minimize the effects of the ionizing and thermal RTG radiation, ~“he
RWAS arc located on the 1.EM to ntillimizc  mechanical aivd map,nctic disturbances to the scicncc sensors. TJIC electronics
arc located in the clcctrol~~agt~ctically  shielded bay assembly to contain tile emission energy that would othcrwi.sc interfere
with the RPWS opcraiion  The low gain antennas alc locate.d to plovidc  onmidircctional  tclccol~~n~~lllicatiorl  covcr:igc,
‘J’hc  main engine asscmb]y  is located below the 1 EM so that the engine  phln~c does not have a direct path to the scicncc
sensors located on the instmmcnt  pallets.

This configuration allows the IIGA to provide scvc]al  functions: sufficient gain to allow high rate communication with
}!mth at X-band; a high gain/ narrow bcan)wid[h aperture for the Ku-band RAIIAR, a transn~it  antenna for S-band and a
transnlit/rcccivc  antenna for Ka-band radio science, a high gain S-band rcccivc antenna for rcccipt of the IIuygcns Probe
data; a struchrral mount for a low gain antenna (1 ,CiA. 1); and a SOII shade for the majority of tln Orbiter.
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‘1’lIc  Of bikx uses R3’Gs as the power source. The radioac[ivc  decay of (tic Idutoniuln  pellets within each RTG produces
heat w}iich is convcrtcd  into electrical cmrgy by an a nay of tl~ci il~ocouIJlcs made of silico~l-gcnllarlitlrl~  junc[ions.  “J”hc  .
electrical power available is slightly over 800 watts initially and decays at approximately ollc  to two pcrccmt  pcr year with
approximately 640 watts available al the cnd of missiom
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Figure 3 Power Systcla  Futlcliolrd  Illock  I)iagral[l

l’iCurc  3 is a functional block dia~ram of the power sysIcIn. ‘1’llc  clcc[rical  power out~nd of tllc R’1’Gs is rcgulatcrt  ald
colditiol~cd by lhc Power control  EHcctronics (l’CIi) and sui)plicd  as 30 Vdc. Ilxccss  clcctiical  powcl is dissiJ)atcd  by llic
shunt  radiator as heal. 3’lIc loads  arc controlled by the I’owcr IJislributioll  Assmblics (PI)As), which, combined, house
192 Solid-State Power Switches (SSPSS),  which switch the clcclrical  loads to the spmxxaft  power bus. ll~c SSPS design
provides ramped turn-on, quick acting, over-current clamping arid lriJ)  protc’ction, a~~d switch state and mrrcnt  tclcmctry.

‘1’hc electrical ccmflguration  of the pmvcr syslcm  provides a balarwcd sys[crn,  meaning W the chassis / struchrrc  of ihc
sJ>acccrafi  is isolaicd  through resistors from both rails of the power bus. I“his conflguratio!i  eliminates the possibility that a
sin~]c  short can disable the power systrm.  All spmccraft  loads, col~scquclltly,  arc designed to oJmatc propcdy when either
side of the power bus is grounded (by high or low rcsistarlcc)  to cl[assis.

T’hc Power Systcm  dots not have t}c capability to suppolt  the entire scicncc  payload opcratiri~ in peak power mode. This
lws resulted in the definition of Operating Modes as dcscribcd  in section 3.1 Tablc 3 ilhrs[ratcs  that the dcsigu  mairitairrs
sufficient operating nmrgin  tlmough cnd of mission for a set of the worst case modes.

I“hc Pyrotcc}mic  Switching lJrtit  (PSU) provides a cncrp.y  storing caImcitor  barrk and powcJ switching for fining clcctro-
cxp]osivc  (pyre) dcviccs.  The calkqcitor bank is capab]c of supplying UJJ to 25 Amps for pyro ir~itiation. The PSU has the
capability to initiate 34 scpatatc  pyro events, each event flrirl~ onc to three pyrotcclmic  dcviccs. Pyrotechnic dcviccs  arc
used to separate the Orbiter from the I aunch Vchiclc,  actuate propulsion isolation valves, rclcasc tlrc Magr~ton~ctct boom
and 1,angmuir probe, jctlison scicncc inst rumcnt covers, unlatch the articulated RWA, aud scpariitc  the I luygcns  Prchc
from the O1bitcr.
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The Guickrncc  and Control syslcm  is required to nlailllain  sl,acccl:ift  at[itudc,  pmforln cknngcs  to the tr:ijcctory,  execulc  a
series of bascbody  pointing SICWS and holds to cIcalc an intaf$  mosaic, aucl turn lhc spacect’afl to point either Ihc IIGA or
the Remote SCILSiJIg inshumcnt  axis toward targets Note. that the tar.gels sclcclcd  ]nay bc a body nmvi~t~ in inc~tial space
(e.g., a RAI)AR scan of the surface of Titan n~ay rc~uirc  tllc Guidance aud Control systcm  to Itmin[ain the IIGA axis
pointed at a flxcd position of Titan’s surface wllilc  both “1’i[an and the Orbi[cr Inovc tlmough  inertial space). Z“argct VWOTS

arc propagated onboard by lhc Guidance and Clmlrol  coniputcr  based on g[omd-supplied cqtrations.

[ L ]
[[_ ‘] = RE[)WKMNC3

Figure 4 Guidance and Control I:unctional  Block Diagram

Pigurc 4 is a fimclional  block diagram of the Guidance and Ckrntrol  Systctn l’his  architcctuw  uscs sofhvarc algorithms
resident on llc flight computer (AFC) to process the data available from the sensors (giving position / turn rate/
acceleration information) to dclcminc  the necessary conmmds to actuate lorquc 01 acceleration conlrol  of the spacccMt.
The scmors used arc the Sun Scn.sor Asscnlb]y (SSA), the Stellar Rcfcrcncc  Unit (SRU), and an accclcromctcr  (ACC).



‘I”oIquc  is app]icd by cilhcr  (IIC usc of the Rcac(ion  WIICCI AsscndJ1ics (RWAS)  Or tlms[crs.  Accclcration is aj~plic.d  by IIIC
usc of cilhcr tllc l]mlstcrs  or the Main lhgit~ AsscIIIbly (MI; A).

‘1’l)c  Sun Sensor Assembly (SSA) and the Stclhrr Rcfcrc[lcc Unit (SRIJ)  bolh provide C) Ibilcr  Posi[ioll  l’hc SSA provides
for sun acquisition and coarse (1 ,5°) 2 axis at[itudc  infolnmlion  AI ]cast OIIC SSA will bc Jwwcrcd  011  at all tin}cs  during
tllc  n~ission, 3“IIc SRLJS  arc 15“ sqwirc flcld-of-view star illmgcrs  u<cd (o locale lcfcrcrlcc  stars relative to the spacecraft
axis. ‘1’lIc SRU provides tlic Al:C wi[h up to 50,()()() pixc]s of iriforlnation pm sccor)d.  Software algorithms rcsidcl]t  or]
IIIC AF’C establish ancl mairltairl  slcllar  rcfcrcmcc by comlmritlg  iricorui[l~  pixel frmcs  to all orhoard catalog  of
apl)roxirnatcly 5000 slars.  “1’l]c SRU allows the dc[cr]nination  of attiludc posiliorl to arl accuracy of better than I lllilli-
radiarl for attitude rates below ().3° / SCC,

2’IIc Irlcrtial  Rcfcrcncc  Unit  (lRU) provides Orbiter r~tc irlforllmtion  to IIIC AFC which allows the mintcnancc  of attitude
ktlowlcdgc while the .spacccraf[  is pcrfonnirig  a turn ard during mairl  crl~inc propulsive nLancuvcrs. I;ac}i IRU has a set of
four solid-slate IIcmisphcrical  Rcsor~ator  Gyroscopes (t If{Gs). “J”hc  irlcr[ial  scmitivc  clcmcnl  irl each IIRG is a fused silica
slicll,  the hemispherical rcsorMor,  “I”IIc  IIRG is cxcitcd to j)roclucc standing waves in the SIICII  and when the SIICII  is
Iutatcd about its axis, the oscillating mass c]cmcnfs  cxpcricrrcc forces tint cause the stardirl~  wave to prcccss  (i.e., rotate)
~vith respect to the shell. ‘1’l]c  precession arl.glc is a co] Marlt  fraction of tln arlglc through which tllc shell has rotatccl,  and
this  allows prccisc mcasurcmcnt of arlgu]ar  motion in tlr axis of ll~c IIRG. ‘1’hc’lRIJ  Jncc[s  all Pcrforll[ancc  rcquircmcnts
at spacecraft rates of up to 20/second and rcrlmir]s  mab]c, althou~h with lower accuracy, al rates up to 15°/sccord.

‘1’llc ACC provides the AFC will}  (}}c accclcra[ior)  alo]lg  tlic Z axis, A main engine burI1 \vill  result in an acceleration of
about 20-30  milli-~ ‘1’hc ACC proviclcs  a rcsolutiorl  of (J. ? IIlilli-g. “1’lic  sofiwarc  in tllc AI’C tcrnli]ratcs  main  cl~~irlc
burils  W}ICII tllc accclcrornctcr  indicates (Imt  the rcqucstcd  vclociiy  Ims been achicvcd ancl tl~ ll~illirm]m  burll  dur:ition  (as
calculated by tllc operations tcaln)  lm bcc]l mcl or WIICII  tllc  lmxilllurn  bum duriitior}  was bccrl acllicvcd,

‘1’llcrc  arc two propulsio]l  systems 01) IIIC of biter:  ii bi])rol)cllatl(  (rlitro~cll  tctroxiclc  (( N204)) / moriomchy] Ilydrfir.irtc
(( N2113C113))  ) ll~ain  c]}girlc  systc]u  slid a rl]c)]lc)l)rolkll:lrll  (Ilydraz.inc  ((N2.114))  ) thruq[cr  systclll “1’llc bil)lopcllallt  rcwkcl
ctlgillc  systcm,  implcmcntcd  ivith  rcdundard 445 NCWIOH tllr[ls[  cllf,irlcs  slid ~imbal  actwrtors,  is used for large tri~jcclory
clmfl~,cs.  “1’l)c  lar~csl  of tl~c lnancuvcrs,  Saturn Olbit IIiscllior)  (SO]), will require a dclla-V of apploxilnatc]y  (XM JIlfs
equaling to a bur]l duraliorl  of about  90 milmlcs.  “1’hc  JIloi]opropclla[lt  systclll  uscs sixteen 1 Ncwtort  thrusters localcd
alound  the Chbitcr or) four thmslcr c]mtcrs  and is u~cd for pcrfollt~irlg  alliludc control, srllall  ttijdor)f  CILOILECS,  awt
rcnc[ion WILCC1 dcsaturation

“1’lic RWAs provide primary atlitmlc  colttrol  durin~  Ihc scicncc obscrwrtion  period at Sflhlrll..  Ihlrins  the mission cruise
]dmc, the poildir]~  rcquirclrlcnts  will bc adccluatc]y scr}’cd  by IIIC lllmslcrs.  Once IIlc 5p2~cw_t  rcachcs  Saturn however,
the scientific observations require hi@w poirding  accuracy and stability, as well as frcqucnl  spacecraft repositioning. “J’his
is accolnplishcd  by tlic RWAS which  allow Poiltting  coll[rol to arl accuracy of 2 nlilli-radial  Ls. RWAS arc electrically
powered whtxls  mounlcd  ill three oIIliogoml  axes aboard the spacccraf[  Ilriving the }VIICC1  speed up or down causes a
torque to bc applied to the spacecraft. IIXCCSS  momcntom tcncls  10 build  up in the systcm over time, duc to the torqtle
applied by the solar wind as WCI1 as illtcrrnl  RWA friction, and this is lcmovcd try (I1c thms[crs.

‘1’hc VDE provides a comrnmd arid tclcmctry intcrfacc  bctwcm the AFC and the main  cn~inc, the sixteen hydrazinc
tlmstcrs,  and certain heaters and isolation valves.

“1’lIC  lIAII, is a non-volalilc memory storage dcvicc that is capable of loading tlIc Al;Cs in t}lc  CVC]II  of a fault llrat  causes
the loss of the software resident both in the AI;C RAM aud the backup copies stored orl the SSR This allows rcstoratiol~
of an acceptable spacccrdft attitodc and thcrnrd slate.

LELmImlmwtll

I“hc Inforlnation  SysIciu  rcccivcs command loacls sent froln the operations team thlou~ll  the l’clccolI~rl~(\[iicatioIl Systcm,
s[orcs and cxccutcs  commnd scqucnccs,  dislribulcs  comnlaids to tllc  spacecraft subsystcnls,  collects and s[orcs tclcmctry



from the spacecraft subsystcrns,  sends tclclllctry  to tk ‘1’c]ccolllIll(lrlicatioIl SySICIII  for transmission to the operations team,
and hosts the software algorithms which Jwrfornl  the F’ault ]Jrotcc(ion  scrviccs.
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Figure 5 lnfonilation  Systcm  IiuncIional Hlock I}iagram

liig~lrc 5isafli11ctioJml  blockdiagralll  oftllc I1lforll~tioll  Systc11\,  l"liisarcl~itcctllrc  ~]scstlic  soft\$rarc rcsidcl~t  o1ltllcfliglIt
coll~l)iltcr ~{ I~C)tocollcctiscl  lddatafr~J1ll/to  t} LcOrfiitcr  all(!l'lo\)c  s~l1>]n1t  cquiplmmt,  3’11c?~J;C  is bascdol)tllc  MII,-
S'l'l)-l  75(JA~]rcjccssor  alldisprof,ltitl~Illcd  ill Ada. l'l~e  Il~)sllltclfacc  lJIIits  (lllUs) altilLcrt~otc  F;rl~illccril]g  lJr1its(I{FlUs)
arc remote tclnlillals  cmbcdctc.d iu spacecraft subsystems, designed according to tllc MI1,-S’I”l  J-155311 data interface
sl~ciflcatiol~  ([l~tiificd  tolo\\'cr ]m\\'cr rcq~)ire1ilc1lts).  Tlc}lllJs, locatccl  ill[llc  scicllcc  illstr Llll~crlts, tlic
“1’clccoII~ll~~ll\icatioI\  Sys(cln,  tllc Ciuidancc  allct Co]l[rol  Systcln,  ald tllc I’robe Sul)port  cquipnlcnt  operate under tbc
direction of the I;I:C extracting data from the hos[ for transfc]  tc) tllc ITC aIIci tra~lsfcr[illg  data from the l;I~C into the host.
RI{LJs  alc rc]notc  tcnninds located in tllc  Power Systcnl,  (IIC I’lo]mlsiorl  ~IloclLdc, and tlw RcII~otc Sensing }’allct where
they operate ullckr  tk dircc[ion of the IWC to COIICC[  almlo~  (c ~., vol(ri~,c,  tcllipctaturc,  prcssmc)  and ICVC1  discrcct  (c,g,
switchs  tatus)d  ataandt  oprovidcaconmland  illtcrfacc fro[llt  llc}:FCtotl~c hos[. ‘l”I~ciclcll~ctry arldcolllllnld  statistics
arc sulmnariz.cd in Table 4.

number tclcmctry number of command
channels stcIlls

.O_@jtcr~&c!_~c._  _ . !.3!>. 65] . . . .
Ofiilc~_:e~lgilwcr[llg .???-:. ---- . _____ 4@ _.

Ih!ygcns Probe 1900 17 . . . . . . . . . . . .
total .8940_ _______ _ .1. !?0. _. _.

Tab]c 4~’clcnlctry  and Conunalld Statistics””

I%cl~of  tl~ct\\~o  Solid  State Ruordcrs  (SSIL)is  caljablc  ofs(orillg  2billioll  bits (2 Gbits)of  i1kforllntiorl.  The SSRis
used to s[orc scicncc data for those cases where tllc downlink is not available or the downlink  rate is lCSS than the s.cicncc
cb[agcncrationra  tc. l'l~c SSRisalso  uscdtostorc backllJ] co\)ics  oftl\csoft\\,arc  ustiil~tilc lrlforl[~tior~  Systcll~,  tllc
Guidallcc ar~d Colltrol Systclll,  al~dsortlc  oftl~cscics\cc  i1fitruI~~c1lts.  lhlctoth  ccritica lrmturco fthcProbcdata,t}lc
information System will record this data redundantly on both SSRS.

The Information Systcm collects, storm or downlillks  tclcmctry  acmrding  to define.d tc]cmctry  modes. Mission rcquircmcnts
ilavclti  toti~ctlcfilliliol~  of27tclc1]~ctiy1 t~tics,s  ulllll~arizcdi  l~r I'at)lc5. J'rcJgfiill~lllalic collsidcratiolls  havcltitofl~cl)rc-
launch  (kWdopmc.nt  of 8 of the.sc modes which will k rrscd in inlcgralion  and test activitic.s,  or in c,arIy cruise operations.
‘11x2  remaining modes arc dcvclopcd  before launch m well, but will bc upliukcd  [0 (IIC, spacccmft  when they arc ncrdcd.



‘1’clcmctry  ‘Mode klass

l<caltillicllll~i[lccril~g  4
Jll(X!C.\
llIlgiIIWriIlgl’layt;ck&
l{c.al~ilnc 1 IImde
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Record.! O nnrdcs

Rrxrltimc  lhgr +- Science
l’layback  8 modes
]’10bC  ChCdOUt  1’ InOdC

l%ci)pl_lnNc___  ___
SA1; tihcckorr[  2 modes

Record rate 10 SS1< (ibps)

cllginccring:  1.6
scicncc: O
cnginccring:  1,6
scicngg: O_.
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cngincxxing:  1.6
s~icncc: 4-415
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:ITH)”  ‘“- “ “
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‘ . 0 3 4

“.012. : :14?
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multiple

1 >owuliak rate
‘ 1

20 bps -16.6 kt)ps I
4-0 bps

I
14.2 k:pi ‘-”](ifi  kbps

24.8

~J) —
142, 249 “‘1

‘1’able.  5 ‘1’clc,mctry mode.s

1’IIc l’cIc.coll~~l]ullicatioifi  System operates at X band (8,4 Gllz downliik,  7.? GIIz u[,lii~)  and conunullicatcs  wi[h the.
IJccj)S1>acc  Nct\\rork  ~JSN)3411i  alld70Il~arltcrtr~~s.  "l'llis  systcrl)  isdcsigllcd  to bcca~~ablc oftra1ls1llittillg
a]~}~~oxill~atcly  4Gbitsof  data Wr9110~lr clo\\,llli  Ilk at Saturj) 7'\\010\\'g,ail lalltcIll~s~  lto\~idct  llccaJ)alJilityf  orllwlly
o]l~lli(lircctio~ ~~lco~rcragc. 7`llislo\v  &~il~co\fcr:l~c  ll~mtstllc  rcqllircrl~cl  It forcotl~ltl~ll~ icatioll  cal)abilityf durillgtliccruiw
phc (wrlli]c tl]c }IGA is sunpointcd) and for fault-related at(itudc  rccovcry rcspollsc.s.
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Figure 6 l’clcco~llllll)l~icat  ion FunctioIml I IIock Diagram

Figure 6 is a functioni~l  block diagram of the tclccorlllllllrlicatioll  systcm.  ‘1’clcmctry data from the Information Systcm
enters tlw Tclcrnctg Control Unit (TC(J) where il is conditioned ‘l”hc ‘1’CIJ feeds this to the Deep Space Transpmdcr
(I)S’1] where it modulates the downlink carrier. l“lnt signal then tuodulatcs  a low lCVC1 X-band carrier which is
subsequently amplified by the Traveling Wave lhbe Amplifier C1”W1’A) ancl muted to onc of the three antennas.

Trawunission  rcccivcd from the ground operations team is routed to the 1>S’1’  w’here the canicr  is tracked. I’hc dclnc)dulatcct
subcarticr  is dctcc[cd by the Command Delcctor  Unit (CI>U). The CDU scarcbcs and finds the acquisition scqucncc  code
in the command data, then sends an ‘in-lock” inclination and lhc conmh?nd clata to the Information System.

An Ultra-Stable oscillator (USO) provides an altcrrotivc  frequency mfcrcllcc  to the 1)S’1”  which either relics on tlw uplink
can icr frequency during “two-way” communication or it’s own intcrna]  OS~illalOr when Operating “OIK-\vay”.



I’hc 1 I GA is colnposcd  of a prilnary rCflCCIOJ,  a SU\~rCfICCIM,  and illdividl)al  feeds for each of the frcqllcl~ics  to bc used, in
aclclitiol~ to the X-band communication frequency, tlw IIGA also sllJ>por[s  the following scicncc  bands: S-band ridio
scicllcc,  S-band I luygcl~ Probe science, Ku-band RA1)AR,  and Ka-band radio scicncc.  I’lc IIGA has a 4-n~ctcr  symmctnc
p~imary  reflector with X, Ka, and Ku-band fcccls positioned at its apex, A subrcflcctor that is rcflcctivc  at tllcsc three balds
is moulllcd above tllc prin~~ry  reflector. An S-ba]ld feed horn is positioned behind the subrcflcctor,  near what would bc the
focal point of the primary reflector, ad low-gain antcnih~ number I (f ,GA-1) is mounted directly atop the S-band feed
‘1’hc  11(3A and its associated cquiprncnt  arc borcsigldcd  along the spacccraf[  -Z axis

l“hc Ohitcr design was significantly driven by the rcquircmcl[ts imposed by accommodation of the scicncc payload, The
description of these instruments and their scicntif]c  investigation is beyond the SCOPC of this paper, Table 6 smnnmrizcs
kcy rcquircnlcnls,

Instrument

Optical Rcn~olc
sc~isiw. _. _.

1ss

VIMS

Uvls
01{s

Mic~owavc  Rcnwtc
Sensing

RADAR
;:1’1s .
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lNMS __ _.
MAG _ .
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.—
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61:1 --
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28.5

29.0
—— .

Peak”
Power
M

—-
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——. .
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266,0
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6,0

365.0

0.0

16.0

0.5

1.5
2.0
8.0

370.0
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16°
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‘1’able 6 Kc.y Payload Rezquircmcnts

“Ihc scicncc payload is allocated 351 kg and 228-314 W of power ([he ~wcr  allocation is mode dcpcndcnt).  ‘lhc Or%itcr
supplies a gas purge systcm,  providing protection to tbc col;taminrdion  ~scllsi[ivc  i]istl  umcnts during prc-lauuch  [cst and
integration activi(ics.  All exterior Orbi[cr surfaces arc ccmdrrctivc  and electrically conncztcd 10 chassis m provide an
cquipotcntial  surface. lhc scn.si[ivity  of the RPWS to clcctromagnc.tic  intcrfc.rcncc  lcd to a systcm wide synchroni~,ation of
the power convc[tcrs to a sing]c, stable 50 klIz, source, thereby segregating the spacecraft noise sources to harmonics of 50
kl 1?,. “llIc  sensitivity of the MAG to nlaguctic intcrfcrcncc  lcd to the systcm  ilnplcmcntat  ion of routing all clcc[ricat  powci
and rctum lines in a twisted wire configuration and to the usc of magnetic shielding and compensation magnets.



3’l~cnM] control is required 10 lllailltaill  t]lc spacccraf[  assemblies and SUbSyStCInS  within  acccptatdc  tcmpcrahm  HII.gCS
‘1’his is aclticvcd by a combination of spacecraft design features and sl)acccIaft  operations.

‘I”hc design achicvcs  tlnnnal comro]  of spacccraf[  Cquipmcilt  by tILC usc of imulation  blankc(s  (To nlinimizc heat gradients
and 10SSCS, as WC1l as to protect t}lc Cquipnlcnt  during periods w]lcn [hc 11 GA is poinled off-SUn), louvers (to provide
thermostatic control of heat loss froln the clcctlonics  bays), conflgor~tion,  and licatcrs (both electrical heaters and
Radioisotope }Icatcr Units). “1’lc dcsig[l  rclics  on  C1OSC coupling of the tlrcrlnal cnmgy within  tlic spacecraft bus and
pI imalily  on passive thermal conirol  measures, Active coll[rol  is available ill which tcmpcraturc  scIL$ors  arc USCd  by the
information Systcm to cycle the power applied to clcctncal  heaters. This closed loop systcm allows flight  programtnablc
changes to the tcnlpcraturc  control rmgc for sclcctcd asscnlblics.

Spwxcraf[  operational constraints provide kcy aspects of tcmpcraturc  conlrol  during the cruise PIUMC.  For cxarnplc, by
maintaining ~hc spacecraft with tlrc lIGA oricntti  toward the Sun throughout most of the flight, maximum isolation fro]ll
solar lwatil~  is assured (using the high-gain antenna as a shade.) 3“11c  11 GA will shade all spacccraf[  clcmcnls  cxccpt for
the R’1’Gs,  the thrus[cr  clusters, tlic dcp]oycd  I,angnmir  probe, the n~~gnctonlctcr  boom, and [hc IU’WS antennas.

‘1’lIc liaul(  l’rolcction  sys[cm (I~J’S) dcsicn  is in rcspnsc  to tlic I)rojcct rcquircmcn[  (1M “NO crcdiblc  sillF,lc. Imil\t  failure
shall  prcvcid  attainrncnl  of lhc objcc{ivc.s . ...” and the fac[ that this rcquircmcn(  leads to a prolifcralioll of wdundant
hardware clcmcnts on the subsystems. I’hc 171’S provides sushilrcd  sJlacccrif[  func[ions  ill tlrc prcscncc  of faults through
the dc[cction,  idcn[ifmation, and isola[ion of a failed CIC.JIICIII  al]d a stvitcll-ovc[  frolll  tlc failed c.tcmcnt to it’s slandby
C’oulllcrpml.

ITor most of the mission IIIC FJ’S will assure only basic slmccc[aft  fullctio]]s  (c.~., commancling,  tclc][]ctry,  tlcrlnal
COIIIIO1, ~mvcr managcmc]]t,  bascbody  ~)oil]ting). For critical activities such as lauiich ald orbit il~sc[[ioll  at Satrrrll,  the
1’1’S must also maintain the integrity and correct  operation of the on-board SCL]UCIICC in the prcscncc  of a fault

Sonic I’PS actions arc hardware based, Onc example is (IIC  detection of a low power bus voltage and (1IC response of
Shcck]ing  non-cri(ica]  (to Spccc[af[ basic functionality) pcm’cr loads.

Most 1?}’S detection and responses arc based in sof(}iarc. III the Guida]lcc  and Control Systcm, tln flight processor
iMcscJVCs  the atti(udc  contlo] function  in the prcscncc, of sc.llsor, tims[cr,  and g~yo failures, ‘J’i)c initial line of dcfcnsc
occurs as IIC software based “lwrdw’:irc  n~qrngcrs” test the rcaso]rablcncss  of the data collcclcd. Failed tcs[s here can lead
directly to conunalldcd switch-ovcrs.  lf the fault  dcflcs  dctcdio]l  at tl]is ICVCI, higlicr  level ICSIS  arc continually pcrfonncd
to cl Iccli for out-of-bounds poin[inc  arid rate pcrfonnancc.  Failures of tests  at this  lCVC1  lead to a sequence of redundancy
IIurILIgcnlcnf  actions t]urt allcl]ll)t  to fuld  (1IC  failed clcmcllt. Finally, if tlrc fault is in tllc Guidance arid Co]ltro]  processor
01 i(’s software, the “lrandshakc”  \villl  tllc l[lfornhq[ion  SyS[crO  will ccasc and lhc lallcr wi]l illitiatc  a swilch to tllc
rcdulldald processor and/or bring tlIc backup sof(warc load on-line.

I’01 1’1’S fllllctions  tl~t arc n~orc sys[rN]l  ]vidc (c.g,, po~i,cr rcsourcc  nklnagcnwnl,  tllcnllal  bala]lcc,  ~roulrd co~l~rl~alld[ll]ility)
tl]c II] formation  SyStCnl  ]IOStS Ihc fault detection, ana]ysis,  and corlcctivc  rcspollsc algo~itlulls,  “1’lic  dctcctioli  sources arc of
various lypcs (e.g., a signal fro]]] IIIC l’owcr  SyStCnl itldica[ill~  it lrasjus[  pcrfonncd load shcdcling,  a tcllpra[urc  scllsor
IIlcasurcnlcn(  has cxcccdcd  a high  or lolv boul~d, or tllc fact tl~?t glound co:nmands  have not bccll proccsscd  for an
abllor!]n]iy  ]ong tilllc).  I’IIc rcsllllillp,  rccovcr  actions  oftcll affcc[  lllorc  lttilll  OIIC sllt~sys[cnl, l’hc rcspom!c nmst bc rObUSt
CIIOU8}I  to bc conlJ~atib]c with any il[i[ial spacecraft slate,  and nNISI bc tailored IO observe power nlargin, tllcrl[uil  balallcc,
alrd otl~r spaccclaf~ mlatcd  constraints,



~~

The Cassini  Orbiter dcsigu  rcsul[s  in a VCry capable and UNIip!CX sy,s[cm.  I“lLCSC charac~cris(ics  arise from:

1. Supporting the rcquircmcnts  of a large, diverse, rind pcrformamc demanding payload.

2. Accommodation of Ihc environmental dynamic lansc resulting from the planctav  swing-bys  of VCiNN 10 thc
orbital tour at Saturn

3, Meeting a strict  single fault tolerant design rcquimucnt.

4. Being suftlcient  autonomous to require only minimum in ground opcratiom support
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